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I .  INTRODUCTION
The P r i e s  r e a r r a n g e m e n t  i s  t h e  c o n v e r s i o n  o f  a p h e n o l i c  
e s t e r ,  o n  t r e a t m e n t  w i t h  a lum inum  c h l o r i d e ,  t o  o r t h o -  o r  
p a r a - h y d r o x y k e t o n e s  o r  a m i x t u r e  o f  t h e  t w o .
T h er e  h a s  b e e n  a c o n s i d e r a b l e  amount o f  w ork  done  on t h e
“I
s i n g l e  P r i e s  r e a r r a n g e m e n t  o f  m o n o e s t e r s ,  h o w e v e r ,  v e r y  
l i t t l e  h a s  b e e n  done  on  t h e  d o u b l e  P r i e s  r e a r r a n g e m e n t  o f  
d l e s t e r s .
The d l e s t e r s  w h i c h  u n d e r g o  t h e  d o u b l e  F r i e s  r e a r r a n g e m e n t  
may be c l a s s i f i e d  i n t o  two m a jo r  g r o u p s :  ( 1 )  d l e s t e r s  o f
p h e n o l s  and d l c a r b o x y l i c  a c i d s ,  and ( I I ) d l e s t e r s  o f  b i p h e n o l s  
and m o n o c a r b o x y l i c  a c i d s .
1 . D i e s t e r s  o f  P h e n o l s  and D i c a r b o x y l i c  A c i d s .
T h e r e  a r e  s e v e r a l  r e p o r t s  o f  t h e  P r i e s  r e a r r a n g e m e n t  o f  
d i e s t e r s  o f  d i c a r b o x y l i c  a c i d s  t o  g i v e  t h e  c o r r e s p o n d i n g  
b i s ( h y d r o x y k e t o n e s ) ,  " w h i l e  a n o m a lo u s  r e s u l t s  h a v e  b een
r e p o r t e d  f o r  t h e  a t t e m p t e d  r e a r r a n g e m e n t s  o f  s e v e r a l  d l e s t e r s . 
The d i - £ ” t o l y l  e s t e r s  o f  o x a l i c ,  ma I o n i c  and p h t h a l l c  a c i d s ^  
g a v e  2 - h y d r o x y - ^ - m e t h y l b e n z o l c  a c i d ,  l ^ - h y d r o x y - b - m e t h y l -  
c o u m a r in  and 1 - h y d r o x y - l i - m e t h y l a n t h r a q u l n o n e , r e s p e c t i v e l y ,  
when s u b m i t t e d  t o  t h e  c o n d i t i o n s  o f  t h e  P r i e s  r e a r r a n g e m e n t .  
The a t t e m p t e d  r e a r r a n g e m e n t  o f  d i p h e n y l  p h t h a l a t e ®  g a v e  
p h e n o l p h t h a l e i n  and 1 - h y d r o x y a n t h r a q u l n o n e .
—
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I I ,  D i e s t e r s  o f  B i p h e n o l s  and M o n o c a r b o x y l i c  A c i d s ,
The d i a c e t a t e ^ * and d i p r o p a n o a t e ^  e s t e r s  o f  l| .,I^f-bi- 
p h e n o l ,  when s u b j e c t e d  t o  t h e  c o n d i t i o n s  o f  t h e  F r i e s  
r e a r r a n g e m e n t ,  h a v e  b e e n  r e p o r t e d  t o  g i v e  3 , / - d i a c e t y l - i i j l Z -  
d i h y d r o x y b i p h e n y l  and 3 , 3 - d i p r o p a n o y l ^ d i h y d r o x y b i p h e n y l ,  
r e s p e c t i v e l y ,  but t h e  r e a r r a n g e m e n t  was u n s u c c e s s f u l ^ ^  f o r  
i 4 . , l / - b i p h e n y l  d i l a u r a t e  and b i - o - c r e s y l  d i l a u r a t e .
The r e a r r a n g e m e n t  o f  d i e s t e r s  o f  i | . , j / - b i p h e n o l ,  f rom  t h e  
d i a c e t a t e  t o  t h e  d i d o d e c a n o a t e  and i n c l u d i n g  t h e  d i b e n z o a t e , 
h a s  b e e n  r e p o r t e d .
*12 /  R o f f l e r  and Thomas o b s e r v e d  t h a t  d l e s t e r s  o f  i | . , i j . -d l -
h y d r o x y d l p h e n y l r a e t h a n e ,  d l a c e t a t e  t h r o u g h  d i n o n a n o a t e  and
a g a i n  I n c l u d i n g  t h e  d i b e n z o a t e ,  g a v e  t h e  d e s i r e d  3 , 3 - d i a c y l -
2̂ ., i i f - d i h y d r o x y d l p h e n y l m e t h a n e s  e x c e p t  f o r  t h e  d i h e x a n o y l  e s t e r .
I n  t h i s  l a t t e r  c a s e  an o i l  was o b t a i n e d  f r o m  w h i c h  no p r o d u c t
c o u l d  be i s o l a t e d .
R e c e n t l y  Thomas^^ h a s  s t u d i e d  t h e  P r i e s  r e a r r a n g e m e n t
o f  d i - £ - t o l y l  e s t e r s  o f  d i c a r b o x y l i c  a c i d s  w h i c h  c o n t a i n e d
l i n k a g e s  b e t w e e n  t h e  two e s t e r  g r o u p s  o t h e r  t h a n  a s t r a i g h t
c a r b o n  c h a i n ,  D l - £ - t o l y l  e s t e r s  o f  a c i d s  s u c h  a s  3 $3^ -d i -
m e t h y l g l u t a r i c , f u m a r i c  and m a l e i c ,  o x y d l a c e t i c  and o x y d i -
p r o p a n o i c ,  t h i o d i a c e t i c  and t h l o d l p r o p a n o i c ,  i m i n o d i a c e t i c ,
and U , i / - d l p h e n y l d i c a r b o x y l l c  w e re  s u b j e c t e d  t o  t h e  F r i e s
r e a r r a n g e m e n t .  The d l e s t e r s  o f  t h e  a c i d s  c o n t a i n i n g  a
d o u b l e  b o n d ,  an o x y g e n  l i n k a g e  and an 1mlno l i n k a g e  d i d  n o t
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= 3 “
i m d e r g o  r e a r r a n g e m e n t ,  w h i l e  t h e  d l e s t e r s  o f  t h e  r e m a i n i n g  
a c i d s  g a v e  t h e  d e s i r e d  b i s ( £ - h y d r o x y k e t o n e s ) .
I n  o r d e r  t o  f u r t h e r  a s c e r t a i n  t h e  s c o p e  and l i m i t a t i o n s  
o f  t h e  d o u b l e  F r i e s  r e a r r a n g e m e n t ,  d i e s t e r s  o f  b i p h e n o l s  
c o n t a i n i n g  t h e  - S - ,  - 0 - ,  - S O 2 - ,  -CH2CH2- and >0(0113)2  l i n k ­
a g e s  h a v e  b e e n  p r e p a r e d  and s u b j e c t e d  t o  t h e  F r i e s  r e a r r a n g e ­
ment .
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I I .  DISCUSSION 
I ,  P r e p a r a t i o n  o f  B i p h e n o l s #
A. 1 , 2 - B i s  ( i | . - h y d r o x y p h e n y l ) e t h a n e ^ ^
1 . 1 , 2> B i s  C i j . - n i t r o p h e n y l  ) e t h a n e . O x i d a t i v e  c o u p l i n g
o f  two m o l e s  o f  £ - n i t r o t o l u e n e  i n  a s a t u r a t e d  a l c o h o l i c -
p o t a s s i u m  h y d r o x i d e  s o l u t i o n  g a v e  1 , 2 - b i s  ( l | - n i t r o p h e n y l ) -
e t h a n e  and some l , 2 - b i s ( i L f - - n i t r o p h e n y l ) e t h e n e ,  t h e  r e l a t i v e
a m o u n ts  o f  e a c h  d e p e n d i n g  upon e x p e r i m e n t a l  c o n d i t i o n s .
I n i t i a l  c o o l i n g  o f  t h e  r e a c t i o n  m i x t u r e  t o  5  ̂ f o r  two h o u r s
f o l l o w e d  by r e a c t i o n  a t  room t e m p e r a t u r e  f o r  an a d d i t i o n a l
s i x  h o u r s ,  y i e l d e d  a t h i c k  g r e e n - y e l l o w  m i x t u r e  w h ic h  when
w a s h e d  g a v e  an o r a n g e  s o l i d  c o n s i s t i n g  o f  1 , 2 - b i s ( i ^ - n i t r o -
p h e n y l ) e t h a n e  and 1 , 2 - b i s  ( % - n i t r o p h e n y l ) e t h e n e  i n  a r a t i o
o f  1 . A f t e r  s e p a r a t i n g  t h e  1 , 2 - b i s  ( i j . - n i t r o p h e n y l ) e t h a n e
f r o m  t h e  m i x t u r e  by  e x t r a c t i o n s  w i t h  h o t  b e n z e n e ,  t h e
1 , 2 - b i 8 ( l | . - n i t r o p h e n y l ) e t h e n e  was  d i s s o l v e d  i n  c h l o r o b e n z e n e  ,
l e a v i n g  a s m a l l  amount o f  a d a r k - o r a n g e  i n s o l u b l e  m a t e r i a l .
T h i s  i n s o l u b l e  s o l i d ,  was r e p o r t e d ^ ^  t o  be a p o l y m e r i z a t i o n
p r o d u c t  o f  1 , 2 - b i s  ( l 4 . - n i t r o s o p h e n y l  ) e t h e n e .  The a c t u a l
compound i s  t h o u g h t  t o  be d i n i t r o a z o d i s t i l b e n e :
02N-C5H|^-CH=CH-C^H|^-N=N-C6H|^-CH=GH-C5H^-N02
The r e a c t i o n  seem ed  t o  be somewhat t e m p e r a t u r e  d e p e n d e n t .
I f  t h e  c o u p l i n g  was c a r r i e d  o u t  a t  a l o w e r  t e m p e r a t u r e
( 1 0 - 1 S ° ) f o r  t h e  g r e a t e r  p o r t i o n  o f  t h e  r e a c t i o n  t i m e ,  t h e
“ij--
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p r o d u c t  c o n s i s t e d  s o l e l y  o f  1 , 2 - b i s  ( ^ . - n i t r o p h e n y l ) e t h a n e .  
R u n n in g  t h e  c o u p l i n g  r e a c t i o n  a t  a warmer t e m p e r a t u r e  
(30-14-0*^) g a v e  o n l y  t h e  d a r k - o r a n g e  i n s o l u b l e  m a t e r i a l ,
2 0  L  0 n / ~ \ c H  GH / ~ \ n O
\ = /  ^  MeOH-KOH ^ \ = /  ^ ^ ^
2 , 1 , 2 - B i 8 ( L - a m i n o p h e n y l ) e t h a n e . T r e a t i n g  1 , 2 - b i s -  
( i | . - n i t r o p h e n y l ) e t h a n e  w i t h  i r o n  pow der  and c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  g a v e  1 , 2 - b i s  ( ]4 .-am lnophenyl  ) e t h a n e  a s  
w h i t e  p l a t e s  i n  y i e l d s  o f  88  t o
G H g G H g N H g
3 .  1 , 2 - B i 8 ( i j - h y d r o x y p h e n y  1 ) e t h a n e . T e t r a z o t i z a t i o n  o f
l , 2 - b i s ( L } . - a m i n o p h e n y l ) e t h a n e  f o l l o w e d  by h y d r o l y s i s  a t  
e l e v a t e d  t e m p e r a t u r e s  g a v e  1 , 2 - b i s ( l | . - h y d r o x y p h e n y l ) e t h a n e  i n  
y i e l d s  v a r y i n g  f ro m  66  t o  7h%» A p u r p l e  c o l o r  i n  t h e  s t a r c h -  
i o d i d e  t e s t  i n d i c a t e d  t h a t  an e x c e s s  o f  n i t r o u s  a c i d  was  
p r e s e n t  i n  t h e  r e a c t i o n  s o l u t i o n .  B o i l i n g  t h e  s o l u t i o n  f o r  
two h o u r s  o r  u n t i l  t h e  e v o l u t i o n  o f  n i t r o g e n  c e a s e d  c a u s e d  
h y d r o l y s i s  o f  t h e  t e t r a z o  s a l t  t o  1 , 2 - b i s ( i | - h y d r o x y p h e n y l ) -  
e t h a n e .  A l a r g e  e x c e s s  (1  m o l e )  o f  h y d r o c h l o r i c  a c i d  was  
u s e d  t o  i n s u r e  t h a t  t h e  f i n a l  t e t r a z o  s o l u t i o n  w o u ld  be 
a c i d i c .
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NH,
0° ,  HCl - +  
 -------------->  G IN ,
NaNO,
- + HoO
C lN g ^ ^ C H g C H g ^ ^ ^ ^ N g C l   HO C H g C H g O H
B, B i s  (J4.“h y d r o x y p h e n y l ) o x l d e
B i s  ( I | . - a m i n o p h e n y l ) o x ld e ®  was t e t r a z o t i z e d  by so d iu m  
n i t r i t e  and h y d r o c h l o r i c  a c i d  and t h e n  h y d r o l y z e d  t o  b i s ( [ | . -  
h y d r o x y p h e n y l ) o x i d e  by  h e a t i n g  t o  b o i l i n g .  T e t r a z o t i z a t i o n  
was a c c o m p l i s h e d  i n  a s i m i l a r  manner t o  t h a t  d e s c r i b e d  
f o r  1 , 2 - b i s  ( i i - h y d r o x y p h e n y l  ) e t h a n e ,
HgH - 0 - ^ ^  NHg
CIN2
+  -  
NgCl
H Cl,  0°  
NaNOg
HoO
GIN. m - o . m N o d
^  h o Q - o- Q oh
T h i s  t e t r a z o  s o l u t i o n  was s t a b l e  t o  h e a t  and r e s i s t a n t  t o  
h y d r o l y s i s . O n ly  a f t e r  p r o l o n g e d  r e f l u x i n g  ( 2L|. h r s . )  was  
t h e  t e t r a z o  s o l u t i o n  c o n v e r t e d  t o  an a p p r e c i a b l e  amount o f  
t h e  b i p h e n o l ,  A l a r g e  amount o f  a b l a c k  i n t r a c t a b l e  t a r  was  
a l s o  f o r m e d  d u r i n g  t h e  e x t e n d e d  p e r i o d  o f  r e f l u x i n g .
®A s a m p le  o f  b i s ( l j . - a m l n o p h e n y l ) o x i d e  was o b t a i n e d  f ro m  t h e  
Dow C h e m ic a l  Company, M i d l a n d ,  M i c h i g a n .
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C. B i s  ( l4 . -h y d r o x y p h e n y l )  s u i f  I d e
1 . S u l f u r  d i c h l o r i d e . P r e p a r e d  a c c o r d i n g  t o  t h e  m ethod  
o f  B r a u e r . The  s u l f u r  d i c h l o r i d e  o b t a i n e d  from  t h e  f i r s t  
d i s t i l l a t i o n  was o f  s u f f i c i e n t  p u r i t y  t o  be u s e d  i n  t h e  
p r e p a r a t i o n  o f  b l s ( i f - h y d r o x y p h e n y l ) s u l f i d e .
2 . B i 3 ( I j - h y d r o x y p h e n y l  ) s u l f i d e . B i s ( i | - h y d r o x y p h e n y l  ) -  
s u l f i d e  was p r e p a r e d  by t h e  r e a c t i o n  o f  s u l f u r  d i c h l o r i d e  
and p h e n o l .  S l o w  a d d i t i o n  o f  a c o l d  s o l u t i o n  o f  s u l f u r  
d i c h l o r i d e  and c a r b o n  d i s u l f i d e  t o  a c o l d  s o l u t i o n  o f  p h e n o l  
and c a r b o n  t e t r a c h l o r i d e  p r o d u c e d  a w h i t e  p r e c i p i t a t e  o f
b i s  ( l j - - h y d r o x y p h e n y l  ) s u l f i d e . I t  was found^® t h a t  i f  t h e  
r e a c t i o n  m i x t u r e  was s t i r r e d  v i g o r o u s l y  a f t e r  r e m o v a l  o f  t h e  
c o o l i n g  b a t h ,  t h e  y i e l d  o f  p r o d u c t  was g r e a t l y  im p r o v e d .
The p r o d u c t  was o b t a i n e d  a s  a g r a n u l a r  w h i t e  powder i n  00% 
y i e l d .
D, ^ . - ( I j . - H y d r o x y b e n z y l i  d e n e  amino ) p h e n o l
A m i x t u r e  o f  e q u a l  m o l a r  am ounts  o f  £ - h y d r o x y b e n z a l d e h y d e  
and £ - a m i n o p h e n o l  was b o i l e d  f o r  a f e w  m i n u t e s  i n  c h l o r o ­
b e n z e n e  t o  g i v e  - h y d r o x y b e n z y l i d e n e a m i n o  ) p h e n o l .  The
d a r k - g r e e n  s o l i d  was w a s h e d  w i t h  b e n z e n e  t o  rem ove  a n y  
u n r e a c t e d  £ - h y d r o x y b e n z a I d e h y de and  r e c r y s t a l l i z e d  from
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c h l o r o b e n z e n e  t o  r em o ve  t h e  u n r e a c t e d  ^ - a r a l n o p h e n o l .  The  
p u r e  s o l i d  was l i g h t  y e l l o w  i n  c o l o r ,
H 0 ^ ^ C = 0  + H 0 ^ ^ N H 2  --------- >  H O ^ ^ C - N ^ ^ O H
I I ,  P r e p a r a t i o n  o f  D l e s t e r s *
The d l a c e t a t e  and d i b e n z o a t e  e s t e r s  o f  t h e  b i p h e n o l s  
w e r e  a l l  p r e p a r e d  by m i x i n g  a s l i g h t  e x c e s s  o f  two m o l e s  o f
t h e  a p p r o p r i a t e  a c i d  c h l o r i d e  w i t h  o n e  m o le  o f  t h e  b i p h e n o l .
HO - X -  OH + r UgI --------- >  R C O ^ ^ - X - ^ ^ O C R
w h er e  X r e p r e s e n t s  - S - , - 0 - ,  -CHgCHg-» o r ^ ^ ( C H ^ ) 2 »  
and R r e p r e s e n t s  -CH^, o r  -C^H^,
A v e r y  p o o r  y i e l d  o f  1 , 2 - b i s  ( i ^ - b e n z o x y p h e n y l )  e t h a n e  was  
o b t a i n e d  i f  b e n z e n e  was t h e  s o l v e n t ,  but  i f  c h l o r o b e n z e n e
was u s e d  a s  t h e  s o l v e n t  t h e  y i e l d  was i n c r e a s e d  t o  19^ .
The p r e p a r a t i o n  o f  t h e  d l a c e t a t e  e s t e r  o f  i | - ( I | . - h y d r o x y -
b e n z y 1 1 d e n e a m i n o ) p h e n o 1 was a t t e m p t e d  u s i n g  two d i f f e r e n t
p r o c e e d u r e s ,  n e i t h e r  o f  w h i c h  was s u c c e s s f u l .  U s i n g  t h e  
p r o c e e d u r e  d e s c r i b e d  a b o v e ,  a l i g h t ,  cream  c o l o r e d  s o l i d  was
o b t a i n e d .  T h i s  c r y s t a l l i n e  m a t e r i a l  had  a m e l t i n g  p o i n t  t h a t
c o r r e s p o n d e d  t o  t h e  r e p o r t e d  m e l t i n g  p o i n t  o f  £ - h y d r o x y a c e t -  
a n i l i d e  and i n d i c a t e d  t h a t  c l e a v a g e  o f  t h e  c a r b o n - n i t r o g e n
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d o u b l e  bond  had o c c u r r e d .  I n  t h e  s e c o n d  p r o c e e d u r e ,  t h e  
b i p h e n o I  and a c e t i c  a n h y d r i d e  w e r e  m i x e d  I n  b e n z e n e  and z i n c  
c h l o r i d e  was a d d ed  a s  a c a t a l y s t .  The  s o l i d  o b t a i n e d  from  
t h i s  r e a c t i o n  c o u l d  n o t  be i d e n t i f i e d  a n d  line i n f r a r e d  s p e c t r a  
d i d  n o t  c o r r e s p o n d  t o  t h o s e  o f  t h e  o t h e r  d i e s t e r s .  A l l  
p e r t i n e n t  d a t a  a r e  a s s e m b l e d  i n  t a b l e s  I I I  an d  IV .
I l l ,  The D o u b le  P r i e s  R e a r r a n g e m e n t ,  P j - 'c p n 'a t io n  o f  
B i s  (o_“h y d r o x y k e t o n e s  ) .
The f o l l o w i n g  e q u a t i o n  r e p r e s e n t s  a t y p i c a l  s i n g l e  F r i e s  
r e a r r a n g e m e n t .
A lC l^  OH 0
I f  a p h e n o l i c  e s t e r  i s  t r e a t e d  w i t h  alumi-vcia c h l o r i d e ,  a 
c o n v e r s i o n  t o  e i t h e r  t h e  o r t h o -  o r  p a r a - h y d r o x y k e t o n e ,  o r  
b o t h ,  o c c u r s .  The p o s i t i o n ,  r e l a t i v e  t o  t h e  h y d r o x y l  g r o u p ,  
t a k e n  by t h e  m i g r a t i n g  a c y l  g r o u p  d e p e n d s  upon t h e  t e m p e r a t u r e  
a t  w h i c h  t h e  r e a c t i o n  i s  r u n ,  upon  t h e  i.a Ln.re o f  t h e  a c y l  
g r o u p ,  and upon t h e  s t r u c t u r e  o f  t h e  p h e n o l .  The amount o f  
o _ - h y d r o x y k e t o n e  form ed  c a n  g e n e r a l l y  be i n c r e a s e d  by i n c r e a s i n g  
t h e  r e a c t i o n  t e m p e r a t u r e  a n d  by i n c r e a s i n g  ohe s i z e  o f  t h e  
a c y l  g r o u p .  A m e t h y l  g r o u p  o r t h o  t o  t h e  n ; d r o x y l  g r o u p
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f a v o r s  t h e  f o r m a t i o n  o f  £ - h y d r o x y k e t o n e s  w h i l e  t h e  same g r o u p  
i n  t h e  m e t a - p o s i t i o n  f a v o r s  f o r m a t i o n  o f  ^ - h y d r o x y k e t o n e s . 
E s t e r s  w i t h  s u b s t i t u e n t s  i n  t h e  p a r a - p o s i t i o n  f u r n i s h  o n l y  
o - h y d r o x y k e t o n e s .
T h i s  r e s e a r c h  p r o b l e m  d e a l s  w i t h  t h e  d o u b l e  P r i e s  
r e a r r a n g e m e n t  o f  t h e  d i e s t e r s  o f  b i p h e n o l s  w h i c h  a r e  
s u b s t i t u t e d  i n  t h e  p a r a - p o s i t i o n .
The f o l l o w i n g  r e a c t i o n  i l l u s t r a t e s  t h e  d o u b l e  P r i e s
r e a r r a n g e m e n t  o f  t h e  d i e s t e r s  o f  p a r a - s u b s t i t u t e d  b i p h e n o l s ,
R H
0 0 0=G 0 = 0
RCO ^ ^ - X - ^ ^ O C R  ------------^  HO - X -  OH
S i n c e  o n l y  o _ - h y d r o x y k e t o n e s  can  be  o b t a i n e d  i n  a r e a c t i o n  o f  
t h i s  t y p e ,  c e r t a i n  o f  t h e  c o n d i t i o n s  w h i c h  w e re  n e c e s s a r y  
f o r  t h e  s i n g l e  F r i e s  r e a r r a n g e m e n t  no l o n g e r  a p p l y .  The  
m ost  I m p o r t a n t  f a c t o r s  r e l a t e d  t o  t h i s  s t u d y  a r e  t h e  n a t u r e  
o f  t h e  l i n k a g e  b e t w e e n  t h e  two e s t e r  g r o u p s  and t h e  s t r u c t u r e  
o f  t h e  a c y l  g r o u p .  A c o m p a r i s o n  o f  t h e  r e a r r a n g e m e n t  o f  t h e  
a c e t a t e  and b e n z o a t e  e s t e r s  o f  t h y m o l  shows t h a t  t h y m y l  
a c e t a t e  u n d e r g o e s  t h e  c o n v e r s i o n  t o  t h y m y l  m e t h y l  k e t o n e  i n  
60^ y i e l d  i n  f i v e  h o u r s .  The b e n z o a t e  e s t e r ,  h o w e v e r ,  i s  
c o n v e r t e d  i n  a y i e l d  i n  an e q u a l  l e n g t h  o f  t i m e . Thus i t  
a p p e a r s  t h a t  t h e  t i m e  r e q u i r e d  f o r  t h e  r e a r r a n g e m e n t  o f  
b e n z o a t e  e s t e r s  w o u ld  be much g r e a t e r  t h a n  t h e  t i m e  r e q u i r e d  
f o r  t h e  r e a r r a n g e m e n t  o f  a c e t a t e  e s t e r s .  To a l i m i t e d  e x t e n t  
t h i s  h a s  b e e n  o b s e r v e d  t o  be t r u e .  The d i a c e t a t e  and
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d i b e n z o a t e  e s t e r s  o f  l4 .,L| .-biphenol  h a v e  b e e n  r e p o r t e d ^ ^  t o
u n d e r g o  r e a r r a n g e m e n t  i n  19 and 30% y i e l d s ,  r e s p e c t i v e l y .
The r e a c t i o n  t i m e s  w e r e  h o u r s  f o r  t h e  d i a c e t a t e  e s t e r  
and 3 d a y s  f o r  t h e  d i b e n z o a t e  e s t e r .  R o f f l e r  and Thomas 
o b t a i n e d  b i s ( ^ - h y d r o x y k e t o n e s ) f ro m  t h e  d i a c e t a t e  and  
d i b e n z o a t e  e s t e r s  o f  b i s  (I4.-hydro x y p h e n y  1)  me t h a n e  i n  50% and  
lj.^% y i e l d s ,  r e s p e c t i v e l y ,  r e a c t i o n  t i m e s  o f  12 h o u r s  f o r  
t h e  d i a c e t a t e  and 2i |  h o u r s  f o r  t h e  d i b e n z o a t e  e s t e r .  I t  
must b e  n o t e d ,  h o w e v e r ,  t h a t  t h e s e  r e a c t i o n  t i m e s  w e r e  n o t  
n e c e s s a r i l y  t h e  minimum t i m e s  r e q u i r e d  f o r  o b t a i n i n g  t h e  
b i s ( £ - h y d r o x y k e t o n e s ) .
19A s c a l e  h a s  b e e n  made t o  d e p i c t  t h e  d e c r e a s i n g  r a t e  
o f  m i g r a t i o n  o f  t h e  a c y l  g r o u p  on t h e  b a s i s  o f  I n c r e a s i n g  
s i z e  o f  t h e  a c y l  g r o u p :
CnH2n+lC0 (w h e r e  n = l . . .5  ) >  G5H^CH2C0>G5H^CH2CH2C0> 
C6H^GH=CHC0>G£,H^C0.
T h i s  o r d e r  h o l d s  t r u e  f o r  e s t e r s  w h e r e  t h e  a c y l  g r o u p  m i g r a t e s  
t o  t h e  p a r a - p o s i t i o n  a s  w e l l  a s  t o  t h e  o r t h o - p o s i t i o n ,  
r e l a t i v e  t o  t h e  h y d r o x y l  g r o u p .
A t t e m p t s  t o  r e a r r a n g e  t h e  d i - £ - t o l y l  e s t e r s  o f  a l i p h a t i c  
d i c a r b o x y l i c  a c i d s ^ ^  w h i c h  c o n t a i n e d  e i t h e r  a s u l f u r ,  an  
o x y g e n ,  an i m i n o ,  an i s o p r o p y l  l i n k a g e ,  o r  a l i n k a g e  c o n t a i n i n g  
a c a r b o n - c a r b o n  d o u b l e  bond w e r e  s u c c e s f u l  o n l y  f o r  t h e  
e s t e r s  w i t h  t h e  i s o p r o p y l  and s u l f u r  l i n k a g e s .
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
- 1 2 -
The b i p h e n o l  d l e s t e r s  c o n t a i n i n g  t h e  o x y g e n ,  s u l f u r  and  
i s o p r o p y l  l i n k a g e s  w e r e  r e a r r a n g e d  o n l y  f o r  t h e  d i a c e t a t e  
e s t e r s .  I t  i s  n o t  y e t  u n d e r s t o o d  what  e f f e c t  t h e s e  l i n k a g e s  
h a v e  o n  t h e  d o u b l e  F r i e s  r e a r r a n g e m e n t .
The f o l l o w i n g  d i e s t e r s  u n d e r w e n t  r e a r r a n g e m e n t  t o  g i v e  
t h e  d e s i r e d  b i s { ^ - h y d r o x y k e t o n e s ) :  1 , 2 - b i s ( U - a c e t o x y p h e n y l ) -
e t h a n e ,  2 , 2 - b i s  ( i ; - a c e t o x y p h e n y l ) p r o p a n e , b i s  ( l j - - a c e t o x y p h e n y l ) <  
o x i d e ,  b i s ( i ; - a c e t o x y p h e n y l ) s u l f i d e  and t h e  d l b e n z o a t e  e s t e r ,
l , 2 - b i s ( i | . - b e n z o x y p h e n y l  ) e t h a n e , The d i e s t e r s  w h i c h  d i d  n o t  
r e a r r a n g e  t o  g i v e  t h e  d e s i r e d  p r o d u c t s  w e re  b i s  ( l | . - a c e t o x y -  
p h e n y l ) s u l f o n e  and a l l  t h e  r e m a i n i n g  d i b e n z o a t e  e s t e r s .
S e v e r a l  s i m i l a r i t i e s  b e t w e e n  t h e  r e a r r a n g e d  p r o d u c t s  o f  
b i p h e n o l  d i e s t e r s  and t h e  r e a r r a n g e d  p r o d u c t s  o f  e s t e r s  o f  
d i c a r b o x y l i c  a c i d s ^ ^  c o n t a i n i n g  t h e  same l i n k a g e  b e t w e e n  t h e  
e s t e r  g r o u p s  a r e  n o t e d .  C o n s i d e r a t i o n  o f  t h e  d i e s t e r s  
c o n t a i n i n g  t h e  s u l f u r  l i n k a g e  r e v e a l s  t h a t  t h e  d i a c e t a t e  
e s t e r  o f  b i s  ( i f - h y d r o x y p h e n y l  ) s u l f i d e  and t h e  d i - p ^ - t o l y l  
e s t e r s  o f  t h i o d i a c e t i c  and t h l o d l p r o p a n o i c  a c i d s  u n d e rw en t  
r e a r r a n g e m e n t  i n  23^» 55^ and y i e l d s ,  r e s p e c t i v e l y .  The
d i b e n z o a t e  e s t e r  o f  b i s  ( l ( . - h y d r o x y p h e n y l )  s u l f i d e  , h o w e v e r ,  
d i d  n o t  u n d e r g o  r e a r r a n g e m e n t .  I n  c o n t r a s t  t o  t h e  r e a r r a n g e ­
ment o f  e s t e r s  w i t h  t h e  s u l f u r  l i n k a g e ,  t h e  d i c a r b o x y l i c  
a c i d  e s t e r s ^ ^  c o n t a i n i n g  t h e  o x y g e n  l i n k a g e  d i d  n o t  u n d e r g o  
r e a r r a n g e m e n t ,  w h i l e  b i s ( l | . - a c e t o x y p h e n y l ) o x i d e  was r e a r r a n g e d  
i n  2 0 ^  y i e l d .
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The d o u b l e  P r i e s  r e a r r a n g e m e n t  i n v o l v e d ,  e s s e n t i a l l y ,  
t h e  m i x i n g ,  w i t h  s t i r r i n g ,  o f  a 1 : 2 . 1  m o le  r a t i o  o f  d i e s t e r  
t o  a n h y d r o u s  a lum inum  c h l o r i d e .  The l e n g t h  o f  t i m e  a l l o w e d  
f o r  r e a c t i o n  v a r i e d  w i t h  t h e  e s t e r ,  but  was g e n e r a l l y  2i| 
h o u r s  o r  u n t i l  t h e  e v o l u t i o n  o f  h y d r o g e n  c h l o r i d e  c e a s e d .  A 
v o lu m e  o f  2N h y d r o c h l o r i c  a c i d ,  a p p r o x i m a t e l y  e q u a l  t o  t h e  
v o lu m e  o f  s o l v e n t  u s e d ,  was a d d e d  t o  t h e  r e a c t i o n  m i x t u r e  t o  
d e c o m p o se  t h e  a lum inum  c h l o r i d e  c o m p l e x .  I t  was fo u n d  t h a t  
i f  t h e  o r g a n i c  s o l v e n t  was r em o v e d  by vacuum d i s t i l l a t i o n ,  
d e c o m p o s i t i o n  and c o l o n i z a t i o n  o f  t h e  p r o d u c t  was r e d u c e d .
A l i - t l  m o le  r a t i o  o f  a lum inum  c h l o r i d e  t o  d i e s t e r  was a l s o  
t r i e d  f o r  t h e  r e a r r a n g e m e n t  o f  b i s ( l | . - b e n z o x y p h e n y l ) o x i d e , 
b i s  ( i | . - b e n z o x y p h e n y l )  s u l f i d e  and b i s  ( [ | . - b e n z o x y p h e n y l )  s u l f o n e  
but a s  b e f o r e  no p r o d u c t  c o u l d  be i s o l a t e d  from  t h e  c i l s  
w h i c h  f o r m e d .  A l l  r e a r r a n g e d  p r o d u c t s  e x c e p t  2 , 2 - b i s ( 3 - a c e t y l -  
l |_ -hydroxypheny  1 ) pro  pane  w e r e  o b t a i n e d  a s  s o l i d s  when t h e  
s o l v e n t  was r e m o v e d .  The 2 , 2 - b i s  ( 3 - a  c e t  y  l - l j . - h y d r  o x y p h e n y l )  
p r o p a n e ,  h o w e v e r ,  w as  o b t a i n e d  a s  an o i l  w h i c h  was v e r y  
r e s i s t a n t  t o  c r y s t a l l i z a t i o n .  The o i l  was f i n a l l y  m ix e d  w i t h  
a s m a l l  amount o f  a l c o h o l  and a l l o w e d  t o  c o o l  i n  t h e  
r e f r i g e r a t o r .  A f t e r  two m o n th s  o f  c o o l i n g ,  a t r a c e  amount  
o f  w h i t e  c r y s t a l s  w e r e  i s o l a t e d .
The b i s  ( 2 - h y d r o x y k e t o n e s  ) : 1 , 2 - b i s ( 3 “£ > c e t y l - i | . - h y d r o x y -  
p h e n y l ) e t h a n e  and 2 , 2 - b i s ( 3 ~ a c e t y l - i j . - h y d r o x y p h e n y l ) p r o p a n e  
w e r e  o b t a i n e d  a s  w h i t e  c r y s t a l s  w h i l e  t h e  r e a r r a n g e d  p r o d u c t s  
o f  b i s  ([^.-a c e t  o x y p h e n y l )  o x i d e , b i s  (l(.-a c e t  o x y p h e n y l  ) s u l f i d e
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
and 1 , 2 - b i s  ( I j . » b e n z o x y p h e n y l ) e t h a n e  w e re  o b t a i n e d  as  y e l l o w  
c r y s t a l s .  To c o n f i r m  t h e  s t r u c t u r e  o f  b i s ( 3 - a c e t y l - i ] . -  
h y d r o x y p h e n y l ) s u l f i d e  an i n d e p e n d e n t  s y n t h e s i s ^ ^  was u n d e r ­
t a k e n .  A 2 : 1  m o le  r a t i o  o f  o _ - h y d r o x y a c e t o p h e n o n e  and t h i o n y l  
c h l o r i d e  was m i x e d  w i t h  c o p p e r  d u s t  a s  t h e  c a t a l y s t .  The  
i n f r a r e d  s p e c t r a  and m e l t i n g  p o i n t  o f  t h e  p u r i f i e d  p r o d u c t  
w e r e  i d e n t i c a l  t o  t h e  i n f r a r e d  s p e c t r a  and m e l t i n g  p o i n t  o f  
t h e  compound o b t a i n e d  by t h e  d o u b l e  P r i e s  r e a r r a n g e m e n t ,  A 
m ix e d  m e l t i n g  p o i n t  sh ow ed  no d e p r e s s i o n .
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I I I .  INFRARED SPECTRA
The p h e n o l i c  h y d r o x y l  a b s o r p t i o n  band o f  t h e  b i p h e n o l s  
u s e d  i n  t h i s  i n v e s t i g a t i o n  was o b s e r v e d  a t  2 , 8 0 - 3 . 02^  ( 3 5 7 2 -  
3 3 1 1 c m , I n s t e a d  o f  a t  2 ,T i | . -2 .7 9 /^  (36l | . i j . -3605cm,“ ^) w h i c h  i s  
t h e  r e p o r t e d  a b s o r p t i o n  band f o r  t h e  h y d r o x y l  g r o u p , I t
PP
h a s  b e e n  shown t h a t  t h e  f r e e  p h e n o l i c  h y d r o x y l  a b s o r p t i o n  
band f o r  s u b s t i t u t e d  p h e n o l s  i s  s h i f t e d  s l i g h t l y  due t o  t h e  
i n f l u e n c e  o f  t h e  a r o m a t i c  r i n g .
A l l  t h e  I n f r a r e d  s p e c t r a  o f  t h e  d i a c e t a t e  e s t e r s  show  
a s t r o n g  a b s o r p t i o n  band i n  t h e  r e g i o n  o f  5 . 7 0 “ 5 *75^  (17514-“ 
1 7 3 2 c m , T h i s  c o r r e s p o n d s  t o  t h e  c a r b o n y l  a b s o r p t i o n  
f r e q u e n c y  o f  5 . 7 1 - 5 . 7 6 ^  ( 1 7 5 0 ” 1735c in*“ ^) r e p o r t e d ^ ^  f o r  
n o r m a l  s a t u r a t e d  e s t e r s .  F or  u n s a t u r a t e d  e s t e r s  s u c h  a s  t h e  
b e n z o a t e s ,  t h e  r e p o r t e d ^ ^  a b s o r p t i o n  band o c c u r s  i n  t h e  5 #8 0 -  
5 ,8 l y x  ( 1 72 i4 . -1719cm ,“ ^) r e g i o n .  The a b s o r p t i o n  band o b s e r v e d  
f o r  t h e  d i b e n z o a t e  e s t e r s  o f  t h e  b i  p h e n o l s  o c c u r s  a t  5 *80yL< 
( i 7 2 l 4 . c m . - l ) .
The i n f r a r e d  s p e c t r a  o f  t h e  b i s (o_> = hyd roxyk eton es  ) show  
no a b s o r p t i o n  i n  t h e  2 . 7 7 - 2 . 7 9 ^  ( 3 6 lO “3 5 8 l4c m , ” 1 ) r e g i o n  
c h a r a c t e r i s t i c  o f  t h e  f r e e  p h e n o l i c  h y d r o x y l  g r o u p ,  M a r t in ^ ^  
o b s e r v e d  t h a t  t h e  i n f r a r e d  s p e c t r a  o f  b o t h  s a l i c y l a l d é h y d e  
and o - h y d r o x y a c e t o p h e n o n e  e x h i b i t e d  b r o a d  ban ds  e x t e n d i n g  
f r o m  ( 2 7 7 8 c m . - I )  t o  2 ,6yu ( 3 5 3 1 c m , “ 1 ) w h i c h  w ere
- 1 5 “
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a t t r i b u t e d  t o  t h e  a b s o r p t i o n  o f  t h e  h y d r o x y l  g r o u p  h y d r o g e n  
b o n d e d  t o  t h e  c a r b o n y l  g r o u p  a n d ,  i n  p a r t ,  t o  t h e  c a r b o n -  
h y d r o  g e n  s t r e t c h i n g  f r e q u e n c y .  A l l  o f  t h e  b i s ( o - h y d r o x y -  
k e t o n e s )  d e r i v e d  f r o m  b i p h e n o l s  h a v e  a b r o a d ,  w eak  band i n  
t h e  r e g i o n  o f  3 . 1 - 3 . 6yu_ ( 3 2 2 6 - 2 7 7 8 cm, ) w h i c h  may be 
a t t r i b u t e d  t o  t h e  h y d r o x y l  g r o u p  h y d r o g e n  b o n d e d  t o  t h e  
2 - c a r b o n y l  and t o  t h e  c a r b o n - h y d r o g e n  s t r e t c h i n g  f r e q u e n c y .
F o r  a c e t o p h e n o n e ^ ^  t h e  c a r b o n y l  a b s o r p t i o n  f r e q u e n c y  
was f o u n d  a t  5 . 95yu ( l 6 7 0 cmo“ ^) w h i l e  f o r  £ - h y d r o x y a c e t o -  
p h e n o n e  i t  was s h i f t e d  t o  6 . 1 ' ^  ( 1 6 2 1 c m . " 1 ) .  A b s o r p t i o n  a l s o  
o c c u r r e d  a r o u n d  6 . 30^  ( l 5 8 7 c ia ,” l )  w h i c h  may be a t t r i b u t e d  t o  
t h e  b e n z e n e  r i n g .  I n  e a c h  o f  t h e  b i s ( o - h y d r o x y k e t o n e s ) 
t h e r e  was no c a r b o n y l  a b s o r p t i o n  a t  5 *8 0 - 6 , 00>t ( 17 2 i | . - l 6 6 7 cm, " ^ ) 
b u t  t h e r e  was s t r o n g  a b s o r p t i o n  i n  t h e  6 . 0 7 - 6 . 2 1 ^  ( l 6i | 7 -  
1 5 7 8 cm. r e g i o n .  Each  o f  t h e  a b s o r p t i o n  bands  p o s s e s s e d  
two p e a k s  e x c e p t  f o r  1 , 2 - b i s  ( 3 - a c e t  y l - l | _ - h y d r o x y p h e n y l ) e t h a n e  
and b i s (  3 - a c e t y l - I | . - h y d r o x y p h e n y l  ) s u l f i d e ,  e a c h  o f  w h i c h  h a d  
o n e  p e a k .  T h e s e  p e a k s  c o u l d  be i n d i c a t i v e  o f  t h e  s h i f t e d  
c a r b o n y l  and o f  t h e  b e n z e n e  r i n g  a b s o r p t i o n .  Gordy^^ n o t e d  
t h a t  f o r  2 - h i y d r o x y a c e t o p h e n o ne t h e r e  was no a p p r e c i a b l e  
s e p a r a t i o n  b e t w e e n  t h e  c a r b o n y l  a b s o r p t i o n  and b e n z e n e  r i n g  
a b s o r p t i o n  i n  t h i s  r e g i o n .  I n  a d d i t i o n  t o  t h e  s i n g l e  p e a k  
m e n t i o n e d  f o r  t h e  compounds a b o v e ,  t h e r e  was a n o t h e r  weak  
a b s o r p t i o n  p e a k  a t  6 ,3>c ( l 5 7 8 c m . " ' ^ ) . T h i s  c o u l d  be a t t r i b u t e d  
t o  t h e  b e n z e n e  r i n g  a b s o r p t i o n  i n  t h e s e  c o m p oun ds .
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TABLE I
I n f r a r e d  A b s o r p t i o n  S p e c t r a  o f  B i s ( o - h y d r o x y k e t o n e s )
B i s ( a - h y d r o x y k e t o n e s ) 3 . 2 0 - 3 .  ^0,. 3 1 2 5 -2 8 5 7 c m ," ^ 6 . 0 7 - 6 . 50 .^ 1 6 4 7 - I 5 3 8 c m .
2 , 2 - B i s  ( 3 - a c e t y l - i | . - h y d r o x y - 3 . 2 7 2967 6 . 1 1 1636
p h e n y l ) p r o p a n e 6 .2 0 1612
6 .2 8 1592
l , 2 - B i s ( 3 - a c e t y l - L | . - h y d r o x y - 2915 6 .0 9 I6k 2
p h e n y l ) e t h a n e 6 .3 1 15 %
1 , 2 - B l  s ( 3 - b e n z o y l - I j . - 3 . 3 0 3030 6 .1 3 1631
h y d r o x y p h e n y l ) e t h a n e 3 . 4 1 2 9 3 2 6 . 2 2 1607
3 . 5 0 28^7 6 . 3 5 1575
B i s (  3 - a c e t y l - l | . - h y d r o x y - 3 . 4 3 2 9 1 5 6 . 1 0 1639
p h e n y l ) s u l f i d e 6 .3 0 1587
6 ,4 1 1560
B i s  ( 3 - a c e t y l - i | - h y d r o x y - 3 . 2 7 3058 6 .0 8 1 6 4 4
p h e n y D o x i d e 3 .4 0 2941 6 ,1 6 1623
6 .3 1 1585
- 1
I
I V .  EXPERIMENTAL®
I ,  B i p h e n o I s
A, I n t e r m e d i a t e s
l o  1 , 2 - B l  3 ( l i - n l t r o  p h e n y l  ) e t h a n e .
A m i x t u r e  o f  £ - n i t r o t o l u e n e  (2^  g . , 0 , l 8  m o l e ) and ^00  
m l o f  33 ^  m e t h a n o l l c - p o t a s s i u m  h y d r o x i d e  was p l a c e d  i n  a two  
l i t e r  E r le n m e y e r  f l a s k .  The f l a s k  was im m ersed  i n  an i c e  
b a t h  and a r a p i d  s t r e a m  o f  a i r  w as  b u b b l e d  t h r o u g h  t h e  
m i x t u r e . The m i x t u r e  was k e p t  a t  ^ - 1 0 °  f o r  two h o u r s  d u r i n g  
w h i c h  t i m e  t h e  l i g h t  y e l l o w  c o l o r  c h a n g e d  t o  a d e e p  v i o l e t  
c o l o r .  The i c e  b a t h  was r e m o v e d  and a i r  was b u b b l e d  t h r o u g h  
t h e  m i x t u r e  f o r  an a d d i t i o n a l  s i x  h o u r s .  The g r e e n i s h -  
y e l l o w  m i x t u r e  was f i l t e r e d  by s u c t i o n  and t h e  f i l t e r  c a k e  
was w a s h e d  w i t h  5 0 0  ml o f  b o i l i n g  w a t e r ,  7 5  ml o f  c o l d  
a l c o h o l ,  and a i r  d r i e d .  Y i e l d r  y e l l o w  p o w d e r ,  l i | , 5  g .
( 5 8 ^ ) ,  m . p ,  1 7 7 - 1 7 9 ° ;  r e p o r t e d  m . p .  1 7 9 - 1 8 0 ° . ^ ^
2 .  1 , 2 - B i  3 ( I j - a m i n o p h e n y l  ) e t h a n e .
A s o l u t i o n  o f  2 . 1  m l c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  i n  
1 9 . 6  m. o f  1 : 1  a l c o h o l - w a t e r  was  ad d ed  d r o p w i s e  t o  a m i x t u r e  
o f  p o w d e r e d  i r o n  ( 3 5 . 2  g . ,  0 , 6 3  m o l e )  and 1 , 2 - b i s ( l | - n i t r o -  
p h e n y l ) e t h a n e  ( 2 2 . 3  g . ,  0 .0 8  m o l e )  i n  196  ml o f  1 : 1
®A11 m e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .  A n a l y s i s  by G a l b r a i t h  
M i c r o a n a l y t i c a l  L a b o r a t o r i e s ,  K n o x v i l l e ,  T e n n .
- 1 8 -
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a l c o h o 1 - w a t e r ,  A f t e r  r e f l u x i n g  and s t i r r i n g  f o r  s e v e n  h o u r s ,  
t h e  b l a c k  m i x t u r e  was made b a s i c  t o  l i t m u s  w i t h  10^ so d iu m  
h y d r o x i d e .  S u f f i c i e n t  e t h a n o l  ( 3 2 0  ml)  was add ed  t o  d i s s o l v e  
a l l  t h e  d i a m i n e  and t h e  h o t  m i x t u r e  was f i l t e r e d .  The 
f i l t r a t e  w as  c o o l e d  and t h e  c r u d e  f l a k e s  w e r e  c o l l e c t e d  and  
d r i e d .  Y i e l d :  l i g h t  brown f l a k e s ,  6 , 7 2  g ,  ( 6 9 ^ ) ,  m . p .  1 3 5 -  
lij .O°, A s a m p le  o f  t h e  c r u d e  p r o d u c t  was r e c r y s t a l l l  z e d  t w i c e  
f r o m  1 : 1  e t h a n o l - w a t e r  t o  g i v e  w h i t e  p l a t e s ,  m . p ,  1 3 8 - 1 3 9 ° ;  
r e p o r t e d  m , p ,  1 3 ^ - 1 3 7 ° .
3 .  S u l f u r  d l c h l o r i d e .
C h l o r i n e ,  d r i e d  by p a s s i n g  t h r o u g h  p h o s p h o r u s  p e n t o x l d e ,  
was p a s s e d  I n t o  p ow d e re d  s u l f u r  ( 1 9 2 . 6  g , ,  6 . 0  m o le )  
c o n t a i n e d  I n  a t w o - n e c k e d  r o u n d  b o t t o m e d  f l a s k  f i t t e d  w i t h  a 
r e f l u x  c o n d e n s e r  and a g a s  I n l e t  t u b e .  The d r y  c h l o r i n e  was  
p a s s e d  I n t o  t h e  d a r k - r e d  s o l u t i o n  u n t i l  t h e  a b s o r p t i o n  o f  g a s  
s l o w e d .  A p p r o x i m a t e l y  0 , 1  gram o f  p o w d e re d  I r o n  was a d d ed  
t o  a c t  a s  a c a t a l y s t  and more c h l o r i n e  was b u b b l e d  t h r o u g h  
t h e  l i q u i d .  A f t e r  s e v e r a l  h o u r s  t h e  c h l o r i n e  I n l e t  t u b e  was  
r em o v ed  and a V l g r e a u x  t u b e  was a t t a c h e d .  The d a r k - r e d  
s u l f u r  d l c h l o r l d e  was d i s t i l l e d  and a f r a c t i o n  b o i l i n g  
b e t w e e n  ^ 9 °  and 6 2 °  was c o l l e c t e d .  T h r e e  d r o p s  o f  p h o s p h o r u s  
t r i c h l o r i d e  w e r e  a d d e d  t o  t h e  s u l f u r  d l c h l o r l d e  t o  p r e v e n t  
d e c o m p o s i t i o n  and t h e  p r o d u c t  was s t o r e d  In  a s e a l e d  c o n t a i n e r  
I n  t h e  r e f r i g e r a t o r .  Y i e l d  : d a r k - r e d  l i q u i d ,  1 9 8 , 1| g .
( 3 2 ^ ) .
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B ,  1 , 2 - B i s  ( i ^ - h y d r o x y p h e n y l  ) e t h a n e .
C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( ? 5  m l ) was a d d ed  d r o p -  
w i s e ,  w i t h  c o o l i n g  and s t i r r i n g ,  t o  1 , 2 - b i s  (i|.-a ml n o p h e n y l  ) -  
e t h a n e  ( 7 * 3 5  g . »  0 , 0 3 5  m o l e )  i n  5 0 0  ml o f  w a t e r .  The s o l u t i o n  
was c o o l e d  t o  5 °  i n  an i c e  b a t h  and 90^  o f  a so d iu m  n i t r i t e  
s o l u t i o n  ( 5  g* i n  38  ml o f  w a t e r )  was added  i n  o n e  p o r t i o n .
The r e m a i n d e r  o f  t h e  so d iu m  n i t r i t e  s o l u t i o n  was ad d ed  d r o p -  
w i s e  u n t i l  a l a s t i n g  p u r p l e  s t a r c h - i o d i d e  t e s t  was o b t a i n e d .  
The d a r k - r e d  s o l u t i o n  was s t i r r e d  and h e a t e d  a t  r e f l u x  u n t i l  
t h e  e v o l u t i o n  o f  n i t r o g e n  c e a s e d .  The brown p r e c i p i t a t e  
was c o l l e c t e d  and r e c r y s t a l l i z e d  from  3 : 1  w a t e r - e t h a n o l ,
Y i e l d :  l i g h t  brown f l a k e s ,  5 - ^ 6  g ,  ( 7 3 ^ ) »  m .p .  1 7 9 - 1 0 9 ° .  A 
s a m p le  o f  t h e  c r u d e  p r o d u c t  was r e c r y s t a l l i z e d  f o u r  t i m e s  
f ro m  3 : 1  w a t e r - e t h a n o l  t o  g i v e  w h i t e  f l a k e s ,  m .p .  1 9 6 - 1 9 0 ° ;  
r e p o r t e d  m .p .  1 8 9 ° , ^ ^  1 9 7 - 1 9 0 ° , ^ ^  1 9 5 - 1 9 6 ° , ^ ^  1 9 0 ° . ^ ^
C. B i s  (l4. - h y d r o x y p h e n y l  ) o x i d e
B i s  ( l i - a m i n o p h e n y l )  o x i d e  ( l l | . , 7  g . »  0 , 0714. m o l e )  was  
d i s s o l v e d  i n  o n e  l i t e r  o f  w a t e r  by t h e  d r o p w i s e  a d d i t i o n  o f  
150  ml o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The s o l u t i o n  was  
f i l t e r e d  and 9 0 ^  o f  a s o d iu m  n i t r i t e  s o l u t i o n  (1 0  g , i n  76 
ml o f  w a t e r )  was a d d e d  i n  o n e  p o r t i o n  t o  t h e  i c e  c o l d  
f i l t r a t e .  The r e m a i n d e r  o f  t h e  so d iu m  n i t r i t e  s o l u t i o n  was  
a d d e d  d r o p w i s e  u n t i l  a l a s t i n g  p u r p l e  s t a r c h - i o d i d e  t e s t  was  
o b t a i n e d .  The r e d  s o l u t i o n  was b o i l e d  u n t i l  t h e  e v o l u t i o n  
o f  n i t r o g e n  s l o w e d  and t h e  c o l o r  c h a n g e d  t o  y e l l o w .  The
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y e l l o w  s o l u t i o n  was t h e n  p o u r e d  i n t o  a f l a s k  and r e f l u x e d  
u n t i l  t h e  e v o l u t i o n  o f  n i t r o g e n  c e a s e d  and t h e  h y d r o l y s i s  
was c o m p l e t e .  The h o t  m i x t u r e  was f i l t e r e d  and c o o l e d  t o  
g i v e  b i s ( l i - h y d r o x y p h e n y l ) o x i d e .  Y i e l d :  w h i t e  f l a k e s ,  6 . 5  g .  
(144-^)» m . p . 1 5 ^ - - 1 5 8 ° . A s a m p le  o f  t h e  c r u d e  p r o d u c t  was  
r e c r y s t a l l i z e d  f i v e  t i m e s  f r o m  w a t e r  t o  g i v e  w h i t e  f l a k e s ,  
m . p .  16 3 -1 6 L | . .5 ° ;  r e p o r t e d  m . p .  l 6 0 - l 6 l ° , ^ ^  1 9 5 - 1 9 6 ° , ^ ^
1 6 5 - 1 6 7 ° . ^ ^
D. B i s ( L j . - h y d r o x y p h e n y l  ) s u l f i d e .
P h e n o l  ( 9 i | . l  g . »  1 . 0  m o l e )  was d i s s o l v e d  i n  o n e  l i t e r  
o f  c a r b o n  t e t r a c h l o r i d e  c o n t a i n e d  i n  a two l i t e r ,  t h r e e ­
n e c k e d  f l a s k .  The f l a s k  was f i t t e d  w i t h  a s t i r r e r ,  r e f l u x  
c o n d e n s e r  and a d r o p p i n g  f u n n e l  w h i c h  s e r v e d  f o r  a d d i t i o n  o f  
t h e  s u l f u r  d i c h l o r i d e - c a r b o n  d i s u l f i d e  s o l u t i o n .  S u l f u r  
d i c h l o r i d e  ( 5 1 .5  g .*  0 .5 0  m o l e )  was d i s s o l v e d  i n  80  ml o f  
c a r b o n  d i s u l f i d e  and c o o l e d  t o  - 1 0 ° .  The r e a c t i o n  f l a s k  was  
im m er sed  i n  a s a l t - i c e  b a t h  and t h e  s u l f u r  d i c h l o r i d e  was  
a d d e d  i n  s m a l l  p o r t i o n s  w i t h  s t i r r i n g .  The a d d i t i o n  o f  
s u l f u r  d l c h l o r i d e  t o o k  o n e  h o u r  d u r i n g  w h ic h  t i m e  a l a r g e  
amount o f  h y d r o g e n  c h l o r i d e  w as  e v o l v e d .  A f t e r  a d d i t i o n  was  
c o m p l e t e  t h e  s a l t - i c e  b a t h  was rem o ved  and t h e  r e a c t i o n  
m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  o n e  h o u r . The  
w h i t e  p r e c i p i t a t e  was c o l l e c t e d  and a i r  d r i e d .  Y i e l d :  w h i t e  
p o w d e r ,  7 0 , J4. g .  ( 7 8 ^ ) ,  m . p .  1 ^ .9 - 1 5 1 ° .  A s m a l l  p o r t i o n  o f  t h e
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c r u d e  p r o d u c t  was r e c r y s t a l l i z e d  t w i c e  f ro m  b e n z e n e  t o  g i v e  
w h i t e  c r y s t a l s ,  m . p ,  1^0 - 1 5 1 ° ;  r e p o r t e d  m . p .  1 ^ 0 ° , ^ ^
150 - 1 5 1 . 5°,^^ 151°.^®
E. l4. - ( l | .“H y d r o x y b e n z y l i d e n e a m i n o  ) p h e n o l .
I n t o  an E r l e n m e y e r  f l a s k  c o n t a i n i n g  100 ml o f  c h l o r o -  
b e n z e n e  was p l a c e d  £ - a m i n o p h e n o l  ( 2 2 . 3  g . ,  0 , 2 0  m o l e ) .  To 
t h i s  m i x t u r e  was s l o w l y  a d d ed  w i t h  s t i r r i n g  £ - h y d r o x y b e n z -  
a l d e h y d e  (2^  g . , 0 , 2 0  m o l e ) .  The m i x t u r e  was h e a t e d  t o  
b o i l i n g  f o r  f i v e  m i n u t e s  t o  a z e o t r o p e  t h e  w a t e r  fo r m e d  d u r i n g  
t h e  r e a c t i o n .  The h o t  m i x t u r e  was f i l t e r e d  and t h e  d a r k -  
g r e e n  s o l i d  was a i r  d r i e d .  The f i l t r a t e  was a l l o w e d  t o  c o o l  
and t h e  s o l i d  w h i c h  p r e c i p i t a t e d  was c o l l e c t e d .  Y i e l d :  d a r k -  
g r e e n  p o w d e r ,  3 0 , 5  g .  ( 7 0 ^ ) ,  m . p .  1 9 l i - 1 9 9 ° . A p o r t i o n  o f  
t h e  c r u d e  p r o d u c t  was r e c r y s t a l l i z e d  f o u r  t i m e s  f r o m  c h l o r o -  
b e n z e n e  t o  g i v e  l i g h t  y e l l o w  c r y s t a l s ,  m . p ,  2 0 7 . 5 - 2 0 8 ° ;  
r e p o r t e d  m . p .  2 0 2 ° , ^ ^  2 0 0 ° , ^ ^
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I I .  B i p h e n o l  D i e s t a r s
A l l  o f  t h e  d i a c e t a t e  and d i b e n z o a t e  e s t e r s  w e re  p r e p a r e d  
i n  t h e  same g e n e r a l  manner  u s i n g  t h e  same m o la r  r a t i o s  a s  
d e s c r i b e d  f o r  2 , 2 - b i s ( i i - a c e t o x y p h e n y l ) p r o p a n e .  P e r t i n e n t  
d a t a  a r e  a s s e m b l e d  i n  t a b l e s  I I I  and I V .
A, 2 , 2 - B i s ( l | . - a c e t o x y p h e n y l ) p r o p a n e .
A s o l u t i o n  o f  a c e t y l  c h l o r i d e  ( 5 o 9  g . , O.0 8  m o le )  i n  
20  m l  o f  d r y  b e n z e n e  was add ed  i n  o n e  p o r t i o n  t o  a s o l u t i o n  
o f  2 , 2 - b i s  ( I | . - h y d r o x y p h e n y l )  p r o p a n e  ( 6 .9  g .  ,  0 ,0 3  m o l e )  i n  
20  ml o f  d ry  b e n z e n e  c o n t a i n e d  i n  a 20 0  ml t h r e e » n e c k e d  
f l a s k .  The f l a s k  was f i t t e d  w i t h  a t h e r m o m e t e r  and r e f l u x  
c o n d e n s e r  c o n n e c t e d  t o  a G i lm a n  t r a p .  The G i lm a n  t r a p  was  
f i l l e d  w i t h  s u l f u r i c  a c i d  and t h e  e x i t  l e d  t o  a w a t e r  t r o u g h .  
The r e a c t i o n  m i x t u r e  was h e a t e d  t o  r e f l u x  by means o f  a 
h e a t i n g  m a n t l e .  The s o l u t i o n  was r e f l u x e d  o v e r n i g h t  and t h e n  
p o u r e d ,  w h i l e  h o t ,  i n t o  a s u c t i o n  f l a s k  and t h e  b e n z e n e  
r e m o v e d  u n d e r  vacuum . The s o l i d  w h i c h  r e m a i n e d  was d i s s o l v e d  
i n  lj.0 ml o f  1 : 1  e t h a n o l - w a t e r  and some N o r i t  was a d d e d .  The  
m i x t u r e  was r e f l u x e d  f o r  s e v e r a l  m i n u t e s ,  f i l t e r e d  and t h e  
f i l t r a t e  c o o l e d .  The p r o d u c t  was c o l l e c t e d  and a i r  d r i e d .  
Y i e l d :  l i g h t  brown c r y s t a l s ,  1 ok- g .  ( 7 9 ^ ) ,  m .p ,  7 8 - 8 0 ° .  A 
s m a l l  p o r t i o n  o f  t h e  c r u d e  p r o d u c t  was r e c r y s t a l i i  zed  t w i c e  
f r o m  1 : 1  e t h a n o 1 - w a t e r  t o  g i v e  w h i t e  c r y s t a l s ,  m .p ,  8 0 - 8 l ° j  
r e p o r t e d  m .p ,  7 9 - 8 1 . 5 ° , ^ ^  7 8 ° . ^ ^
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I I I ,  B i s ( o - h y d r o x y k e t o n e s ) .
A l l  r e a r r a n g e m e n t s  w e r e  made w i t h  t h e  same m o la r  p r o p o r ­
t i o n s  and i n  t h e  same g e n e r a l  manner a s  d e s c r i b e d  f o r  1 , 2 - b i s -  
( i^ -ac e t o x y p h e n y l ) e t h a n e . A l l  p e r t i n e n t  d a t a  a r e  a s s e m b l e d  i n  
t a b l e  V,
A, 1 , 2 - B i  8 ( 3 - a c e t y l - l 4. - h y d r o x y p h e n y l  ) e t h a n e .
A n hyd rou s  a lum inu m  c h l o r i d e  ( 3 * ^  g , , 0 , 0 3  m o l e )  was
a d d e d  s l o w l y ,  w i t h  v i g o r o u s  s t i r r i n g  and c o o l i n g ,  t o  a 
s o l u t i o n  o f  1 , 2 - b i s  (i .̂- a c e t o x y p h e n y l  ) e t h a n e  ( 3 .0  g . , 0 ,0 1  m o l e )  
and 30  ml o f  d r y  c h l o r o b e n z e n e  i n  a 2 0 0  ml t h r e e - n e c k e d  
f l a s k .  A f t e r  c o m p l e t e  a d d i t i o n  o f  t h e  a lum inum  c h l o r i d e ,  t h e  
s a l t - i c e  b a t h  was r em o v e d  and t h e  g r e e n  m i x t u r e  was a l l o w e d  
t o  warm t o  room t e m p e r a t u r e  w i t h  c o n t i n u e d  s t i r r i n g .  The 
s t i r r e r  was  r e p l a c e d  by a r e f l u x  c o n d e n s e r  c o n n e c t e d  t o  a 
G-ilman t r a p  and t h e  m i x t u r e  was r e f l u x e d  o v e r n i g h t .  D u r in g  
t h i s  t i m e  h y d r o g e n  c h l o r i d e  was e v o l v e d  and a y e l l o w  p r e c i p ­
i t a t e  f o r m e d .  The m i x t u r e  was c o o l e d  and s t i r r e d  i n  an i c e  
b a t h  and ij-O ml o f  2N h y d r o c h l o r i c  a c i d  was a d d e d  d r o p w i s e .
The c h l o r o b e n z e n e  was r em o v e d  by s t e a m  d i s t i l l a t i o n  and t h e  
d a r k  r e s i d u e  r e c r y s t a l l i z e d  from  1 : 1  e t h a n o l - w a t e r .  Y i e l d :  
w h i t e  c r y s t a l s ,  0 , 6)4. g .  ( 2 1 ^ ) ,  A s m a l l  p o r t i o n  o f  t h e  c r u d e  
p r o d u c t  was r e c r y s t a  H i  z e d  t h r e e  t i m e s  fro m  1 : 1  e t h a n o l -  
w a t e r  t o  g i v e  w h i t e  c r y s t a l s ,  m . p ,  1 9 0 - 1 9 1 ,
B,  B i s  ( 3 - a c e t y l - l 4_ - h y d r o x y p h e n y l  ) s u l f i d e ,
T h i o n y l  c h l o r i d e  ( gO g , ,  0 , 14.2 m o l e )  and o - h y d r o x y -  
a c e t o p h e n o n e  ( 2 6 , 8  g . ,  0 , 1 9  mo l e ) w e re  m ix e d  i n  a 200  m l
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t h r e e - n e c k e d  f l a s k  w h i c h  was  f i t t e d  w i t h  a r e f l u x  c o n d e n s e r  
and t h e r m o m e t e r .  Copper d u s t  (2 0  g . ,  0 . 3 1  m o l e )  was add ed  
and t h e  m i x t u r e  h e a t e d  t o  s t a r t  t h e  r e a c t i o n .  The m i x t u r e  
was t h e n  a l l o w e d  t o  r e a c t  a t  room t e m p e r a t u r e  f o r  70  h o u r s .
The f l a s k  was h e a t e d  f o r  o n e - h a l f  ho u r  i n  a w a t e r  b a t h  and  
t h e  m a t e r i a l  i n  t h e  f l a s k  d i s s o l v e d  i n  h o t  e t h a n o l .  The 
p r o d u c t  was o b t a i n e d  a s  y e l l o w - g r e e n  c r y s t a l s ,  m . p . 1 9 5 -  
1 9 8 ° .  A s m a l l  p o r t i o n  o f  t h e  c r u d e  p r o d u c t  was r e c r y s t a H i z e d  
t w i c e  from  e t h a n o l  t o  g i v e  ligh+~ y e l l o w  c r y s t a l s ,  m . p ,  1 9 8 . 5 -  
2 0 0 ° ;  r e p o r t e d  m . p .  1 9 6 - 1 9 7 °
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V .  SUMMARY
The f o l l o w i n g  b i p h e n o l s  h a v e  b e e n  p r e p a r e d :  1 , 2 - b i s -
( i ; - h y d r o x y p h e n y l ) e t h a n e ,  b i s  ( i | . - h y d r o x y p h e n y l  ) o x i d e  and b i s -  
( 4 - h y d r o x y p h e n y l ) s u l f i d e .  T h e s e  b i p h e n o l s  a l o n g  w i t h  b i s -  
( 1^,-hydroxyphenyl  ) s u l f o n e  and 2 , 2 - b i s  ( l | . - h y d r o x y p h e n y l ) p r o p a n e  
w e r e  e s t e r i f i e d  and s u b j e c t e d  t o  t h e  d o u b l e  P r i e s  r e a r r a n g e ­
m e n t .  The b i p h e n o l ,  i ; - ( l 4. - h y d r o x y b e n z y l i  dene  ami no ) p h e n o l  was  
p r e p a r e d ,  but a t t e m p t s  a t  e s t é r i f i c a t i o n  w e r e  u n s u c c e s s f u l .  
The o n l y  p r o d u c t s  o b t a i n e d  w e re  d e c o m p o s i t i o n  p r o d u c t s .
The d i a c e t a t e  e s t e r s :  l , 2 - b i s { i | - a c e t o x y p h e n y l ) e t h a n e ,
b i s  ( i ^ - a c e t o x y p h e n y l  ) o x i d e , b i s  ( [ [ . - a c e t o x y p h e n y l  ) s u l f i d e  and
2 . 2 - b i s  ( [ ^ . - a c e t o x y p h e n y l  ) p r o p a n e  w e r e  r e a r r a n g e d  t o  g i v e
1 . 2 - b i s  ( 3 - a  c e t  y  1 - 4 - h y d r o x y p h e n y l )  e t h a n e ,  b i s  ( 3 - a c e t y l - l j . -  
h y d r o x y p h e n y l ) o x i d e , b i s  ( 3 - a c e t y l - [ | . - h y d r o x y p h e n y l ) s u l f i d e  
and 2 , 2 - b i s  ( 3 " a c e t y l - [ j . - h y d r o x y p h e n y l  ) p r o p a n e , r e s p e c t i v e l y .
O n l y  one  d i b e n z o a t e  e s t e r  u n d e rw en t  r e a r r a n g e m e n t .  The 
r e a r r a n g e m e n t  o f  1 , 2 - b i s  ( i [ . - b e n z o x y p h e n y l ) e t h a n e  g a v e  1 , 2 - b i s -  
( 3 - b e n z o y l - [ | . - h y d r o x y p h e n y l  ) e t h a n e .
The i n f r a r e d  s p e c t r a  o f  t h e  b i s ( o - h y d r o x y k e t o n e s ) show 
no a b s o r p t i o n  band f o r  t h e  f r e e  p h e n o l i c  h y d r o x y l  g r o u p ,  but  
do show a broad a b s o r p t i o n  band w h i c h  may be a t t r i b u t e d  t o  
t h e  h y d r o x y l  g r o u p  h y d r o g e n  bonded  t o  t h e  o _ -ca r b o n y l  and t o  
t h e  c a r b o n - h y d r o g e n  s t r e t c h i n g  f r e q u e n c y .  The c a r b o n y l  g r o u p  
a b s o r p t i o n  was s h i f t e d  t o  h i g h e r  wave  l e n g t h s  t h a n  t h a t  
o b s e r v e d  f o r  t h e  c a r b o n y l  a b s o r p t i o n  o f  t h e  d i e s t e r s .
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A s e p a r a t e  s y n t h e s i s  o f  b i s  ( 3 - a c e t y l - l | . “h y d r o x y p h e n y l  ) 
s u l f i d e  was u n d e r t a k e n  t o  c o n f i r m  t h e  s t r u c t u r e  o f  t h e  
p r o d u c t  o b t a i n e d  f ro m  t h e  d o u b l e  F r i e s  r e a r r a n g e m e n t  o f  
b i s  ( ^ . - a c e t o x y p h e n y l  ) s u l f i d e .
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